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,QFOLQLFDOHQYLURQPHQWVWKHLQIRUPDWLRQUHVXOWLQJIURPWKHSURYLVLRQRIKHDOWKFDUHLVLQFUHDVLQJO\XVHGWRLPSURYHWKHGHOLYHU\RI
KHDOWKFDUH ,Q WKH UDGLRORJ\ FRQWH[W WKH GDWD DQDO\VLV XVHG WR FKDUDFWHUL]H WKH SRSXODWLRQ WKDW DFFHVVHV GLIIHUHQW UDGLRORJ\
GHSDUWPHQWV LV RIWHQ VXSSRUWHG E\ VRIWZDUH DSSOLFDWLRQV IURP GLIIHUHQW PDQXIDFWXUHUV ZKLFK PDNHV GDWD LQWHJUDWLRQ YHU\
GLIILFXOW $QG LWPDNHV YHU\ GLIILFXOW WR FKDUDFWHUL]H LQ D FHQWUDOL]HGPDQQHU WKH VWXGLHV SHUIRUPHG RQ HDFK SDWLHQW ,Q WKLV
FRQWH[W LV WKHUHDZD\WRSHUIRUPSRSXODWLRQFKDUDFWHUL]DWLRQDQGSDWLHQWFHQWHUHGVWXGLHVE\DQDO\]LQJ WKH',&20PHWDGDWD
VWRUHGRQ3LFWXUH$UFKLYLQJDQG&RPPXQLFDWLRQ6\VWHPV3$&6IURPGLIIHUHQWKHDOWKFDUHIDFLOLWLHV"
7KLV SDSHU SUHVHQWV WKH UHVXOWV RI SRSXODWLRQ FKDUDFWHUL]DWLRQ ZLWK FKHVW UDGLRJUDSKLF VWXGLHV SHUIRUPHG RQ &RPSXWHG
5DGLRJUDSK\&5DQG'LJLWDO5DGLRJUDSK\';PRGDOLWLHVLQWKUHHKHDOWKFDUHIDFLOLWLHV,WDOVRLGHQWLILHVWKHVWXGLHVFRQGXFWHG
RQ WKH SDWLHQW WKDW LQ HDFK KHDOWKFDUH IDFLOLW\ LQ DGGLWLRQ WR FKHVW UDGLRJUDSKLF VWXGLHV KDG D KLJKHU QXPEHU RI UDGLRORJLFDO
VWXGLHVLQYROYLQJLRQL]LQJUDGLDWLRQ7KHILQDOVDPSOHFRQVLVWVRILPDJHVFRUUHVSRQGLQJWRVWXGLHVEHORQJLQJWR
SDWLHQWV7KHPHWKRGRORJ\XVHGPDGHLWSRVVLEOHWRFKDUDFWHUL]HWKHSRSXODWLRQE\DJHJURXSJHQGHUDQGPRGDOLW\WKH
DYHUDJHQXPEHURIVWXGLHVSHUSDWLHQW LQHDFKDJHJURXSDVZHOODV WKHSDWLHQWZLWK WKHKLJKHVWQXPEHURIFKHVW UDGLRJUDSKLF
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7KH GDWD UHVXOWLQJ IURP WKH SURYLVLRQ RI KHDOWKFDUH LV LQFUHDVLQJO\ XVHG WR WKH FRQWLQXRXV LPSURYHPHQW RI
KHDOWKFDUH ,QIRUPDWLRQJDWKHULQJFDQEHVXSSRUWHGRQKHDOWKGDWDQHWZRUNV7KLVPD\DOORZD UHPRWHDQG VDIH
LQIRUPDWLRQ DQDO\VLV RIPLOOLRQV RI SHRSOH WRZDUGV VWXGLHV FRPSDULQJ FOLQLFDO HIILFLHQF\ GLVVHPLQDWLRQ RI JRRG






GLYHUVLW\RI LQIRUPDWLRQHQYLURQPHQWV LQFOXGLQJ WKHGLYHUVLW\RI+,6DVZHOODV WKHQHHGIRUVWDQGDUGL]DWLRQDQG
FRQWURO RI LQIRUPDWLRQ DFFHVV FKDQJHV LQ VHUYLFH SURYLGHU UHFUXLWPHQW SROLFLHV DQG FRQFHUQV DERXW HWKLFDO LVVXHV
UHODWHG WR SULYDF\ DQG GDWD RZQHUVKLS $GGLWLRQDOO\ WKH ODFN RI VHPDQWLF LQWHURSHUDELOLW\ FDXVHG E\ WKH XVH RI
PXOWLSOHVRXUFHVRILQIRUPDWLRQORFDOWHUPLQRORJ\DQGFRQFHSWVIRUHQFRGLQJFOLQLFDOYDULDEOHVUHSUHVHQWWKHPDMRU
EDUULHUVWRLQWHJUDWLRQRIFOLQLFDOGDWDIURPGLIIHUHQWVRXUFHV
6HFWLRQ  PDLQO\ DGGUHVVHG VHYHUDO IDFWRUV WKDW LQIOXHQFH WKH LQIRUPDWLRQ PDQDJHPHQW QHFHVVDU\ IRU WKH
FKDUDFWHUL]DWLRQ RI UDGLRORJ\ KHDOWK FDUH SURYLVLRQ WR D SRSXODWLRQ HVSHFLDOO\ LQ D UHJLRQDO DQDO\VLV FRQWH[W
LQFOXGLQJ GLIIHUHQW KHDOWK XQLWV EXW DOVR LQ SDWLHQW IRFXVHG DQDO\VLV LQLWLDWLYHV IRU H[DPSOHZKHQ DQDO\]LQJ WKH
UDGLDWLRQ H[SRVXUH IRU PHGLFDO SXUSRVHV ,Q 6HFWLRQ  LW LV SUHVHQWHG WKH PDWHULDOV DQG PHWKRGV XVHG IRU WKH





WKH +,6 DQG WKH 5DGLRORJ\ ,QIRUPDWLRQ 6\VWHPV 5,6 $PRQJ WKHVH V\VWHPV DQG 3LFWXUH $UFKLYLQJ DQG
&RPPXQLFDWLRQ6\VWHPV3$&6FRPPXQLFDWLRQLVDOVRVXSSRUWHGE\WKH'LJLWDO,PDJLQJDQG&RPPXQLFDWLRQVLQ
0HGLFLQH ',&20 6WDQGDUG ZKHUH EHWZHHQ WKHVH WZR V\VWHPV D +/',&20 EURNHU H[LVWV 7KH ',&20
VWDQGDUGDGRSWLRQDQG LQWHJUDWLRQDOORZVDFFHVVDQGYLVXDOL]DWLRQRI LPDJHVSURGXFHGE\GLIIHUHQWHTXLSPHQWDQG
PRGDOLWLHV DV SDUW RI DQ LQWHJUDWHG DQG XQLTXH LQIRUPDWLRQ V\VWHP WKXV IRVWHULQJ WKH VKDULQJ RI LQIRUPDWLRQ
EHWZHHQGLIIHUHQWKHDOWKSURIHVVLRQDOV
$QRWKHUZD\ WR DOORZ WKH VKDULQJRI UDGLRORJLF LQIRUPDWLRQEHWZHHQKHDOWKFDUH SURYLGHUVKDVEHHQ WKH XVHRI
SDSHURULQGLJLWDOIRUPOLNH&'520V+RZHYHUWKLVW\SHRIVXSSRUWKDVVRPHOLPLWDWLRQVSDUWLFXODUO\LQWHUPVRI
VHFXULW\ DQG GDWD LQWHJULW\ 2Q WKH RWKHU KDQG LQIRUPDWLRQ FRQFHUQLQJ LPDJLQJ SURFHGXUHV FDQ EH IRXQG LQ
PHGLFDOUHSRUWVRULQWKHVWRUHGLPDJHVLQWKH3$&6DUFKLYH
&RQVWDQW WHFKQRORJLFDO HYROXWLRQ KDV JLYHQ ULVH WR WRROV IRU H[WUDFWLRQ SURFHVVLQJ GHOLYHU\ DQG DQDO\VLV RI
LQIRUPDWLRQIURPLQFUHDVLQJO\FRPSOH[VFHQDULRV:LWKLQFUHDVHGYROXPHRIZRUNDQGFHQWUDOL]HGLQWHUSUHWDWLRQRI
LPDJLQJ VWXGLHV LQ GLIIHUHQW JHRJUDSKLFDO ORFDWLRQV WKHVH WRROV FDQ EH XVHIXO  LQFOXGLQJ WKH GHILQLWLRQ RI
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DUHUHODWHGWRSRSXODWLRQDJLQJZKLFKFDXVHVWKHLQFUHDVHGSUHYDOHQFHRIFKURQLFFRQGLWLRQVEXWDUHDOVRUHODWHG
ZLWKWHFKQRORJLFDOGHYHORSPHQWVGHIHQVLYHPHGLFLQHLQFUHDVHGQHHGIRUSUHVHQWDWLRQRIUHVXOWVLQVKRUWHUWLPHVDQG






,Q WKLV FRQWH[W LQLWLDWLYHV FDQ EH WDNHQ WR LGHQWLI\ WKH FDXVH RI UHSHDW UDGLDWLRQ H[SRVXUH ZLWKLQ UDGLRORJLF




2Q WKH RWKHU KDQG +,6 DUH VXSSRUWHG E\ FORVHG DUFKLWHFWXUHV WKDW GR QRW DOORZ WKH XVH RI QRQSURSULHWDU\
VRIWZDUHVROXWLRQVIRUDFFHVVH[WUDFWLRQDQGGDWDDQDO\VLV7KLVUHDOLW\LVDQREVWDFOHWRFKDUDFWHUL]LQJWKHSRSXODWLRQ
ZLWK UDGLRORJLFDO VWXGLHV SHUIRUPHG LQPRUH WKDQ RQH KHDOWK IDFLOLW\ RUZKHQZHZDQW WR DQDO\]H WKH KLVWRU\ RI
LPDJLQJVWXGLHVSHUIRUPHGRQWKHSDWLHQWV
7KH ULVH RI QHZ PHWKRGV IRU DFFHVV H[WUDFWLRQ DQG DQDO\VLV RI ',&20PHWDGDWD EHORQJLQJ WR UDGLRORJLFDO
VWXGLHV VWRUHG LQPXOWLSOH 3$&6 DUFKLYHV  FDQ EH DQ DOWHUQDWLYHZD\ WR DQDO\]H WKH SURYLVLRQ RI UDGLRORJ\




WR FKDUDFWHUL]H WKH SRSXODWLRQZLWK FKHVW UDGLRJUDSKLF VWXGLHV SHUIRUPHGZLWK &RPSXWHG 5DGLRJUDSK\ &5 DQG
'LJLWDO5DGLRJUDSK\';WKHDYHUDJHQXPEHURIWKHVHVWXGLHVSHUSDWLHQWDQGSHUDJHJURXSDQGWKHLGHQWLILFDWLRQ
RI VLWXDWLRQV WKDW PD\ UHSUHVHQW D UDGLDWLRQ RYHUH[SRVXUH WKURXJK WKH DQDO\VLV RI D SDWLHQWV UDGLDWLRQ H[SRVXUH
KLVWRU\
0HWKRGVDQG0DWHULDOV
$FFHVV WR',&20PHWDGDWDZDVKHOG LQ WKUHHKHDOWKXQLWVZLWKGLIIHUHQWKHDOWKFDUHSURILOHV ,QDOO LQVWLWXWLRQV
SHUPLVVLRQ ZDV UHTXHVWHG RI KRVSLWDO DXWKRULWLHV DQG HWKLFV ERDUGV ZLWK DXWKRUL]HG GDWD DFFHVV 7KH GDWD
FRQILGHQWLDOLW\DVZHOODV WKH LGHQWLILFDWLRQRIKHDOWKFDUHSURIHVVLRQDOVSDWLHQWVDQGHTXLSPHQWPDQXIDFWXUHUVZDV
XSKHOG




FKHVW UDGLRJUDSKLF VWXGLHV SHUIRUPHG LQ &5 DQG ';PRGDOLWLHV ZDV REWDLQHG  7KH VHOHFWLRQ RI WKLV VWXG\ DQG
PRGDOLW\ LVGXH WR WKH IDFW WKDW WKH UDGLRJUDSK\RI WKH7KRUD[ LVDPRQJ WKHPRVW IUHTXHQWO\SHUIRUPHGVWXGLHVDW
QDWLRQDODQGDOVR(XURSHDQOHYHOV
)RU WKH VWXGLHV FKDUDFWHUL]DWLRQ TXHULHVZHUH GHILQHGZLWK WKH IROORZLQJ',&20 DWWULEXWHV0RGDOLW\ 6WXG\
'HVFULSWLRQ6WXG\,QVWDQFH8,'3DWLHQW1DPH3DWLHQW ,'3DWLHQW6H[3DWLHQW%LUWK'DWHDQG,QVWLWXWLRQ1DPH




7KHDQDO\VLVRISDWLHQWVUDGLDWLRQH[SRVXUHKLVWRU\EHJDQZLWKWKHLGHQWLILFDWLRQRI WKHSDWLHQW WKDW LQHDFK+&)
KDGSHUIRUPHGPRUHWKRUD[UDGLRJUDSKLFVWXGLHVTXHULHVEDVHGRQ',&20DWWULEXWHV3DWLHQW,'6WXG\'HVFULSWLRQ
DQG6WXG\,QVWDQFH8,'








,QGH[LQJ7LPHK 3DWLHQWV 0RGDOLW\ 6WXGLHV ,PDJHV $FWLYLW\WLPHZLWK3$&6\HDUV
+&)B   &5   
+&)B   &5   
+&)B   &5   
 ';  
7RWDO      

$VFDQEHVHHQLQ7DEOH+&)BKDVDODUJHUQXPEHURIVWXGLHVSHUIRUPHGLQDVKRUWHUWLPHLQWHUYDO2QWKH







+&)B,QDOO+&)WKHUH LVDQ LQFUHDVLQJQXPEHURIVWXGLHVDV WKHDJH LQFUHDVHVEHLQJPRUHHYLGHQW LQ WKHDJH
JURXSVDERYH\HDUV,QWKHDJHJURXSVDERYH\HDUVZHKDYHLGHQWLILHGDQLQFUHDVHLQWKHDYHUDJHQXPEHURI
VWXGLHVSHUSDWLHQW)LJ
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)LJ$YHUDJHQXPEHURIFKHVWVWXGLHVE\SDWLHQWJHQGHUDQGDJHJURXSLQ+&)B+&)BDQG+&)B
:H DOVR QRWH WKDW LQ +&) B LQ WKH DJH JURXSV RYHU  \HDUV WKH DYHUDJH QXPEHU RI VWXGLHV SHU SDWLHQW
LQFUHDVHVVLJQLILFDQWO\ZKHQFRPSDUHGWR+&)BDQG+&)B
,QWKHFRQWH[WRIWKHFKDUDFWHUL]DWLRQRISDWLHQWVUDGLDWLRQH[SRVXUHKLVWRU\WKHGDWDSUHVHQWHGLQ7DEOHVKRZV
WKH QXPEHU RI LPDJLQJ VWXGLHV SHUIRUPHG E\ WKH SDWLHQW WKDW LQ HDFK +&) KDG WKH KLJKHVW QXPEHU RI FKHVW
UDGLRJUDSKLF VWXGLHV FDUULHGRXW LQ&5DQG';PRGDOLWLHV WKXV WKH WLPHSHULRGEHWZHHQ WKH ILUVW DQG ODWHVW VWXG\
GDWH$QDO\]LQJ7DEOHZHFDQVHH WKDW WKHSDWLHQWZLWKPRUHFKHVW VWXGLHVSHUIRUPHG LQ';PRGDOLW\PDGH
VWXGLHVLQYROYLQJLRQL]LQJUDGLDWLRQIRUDSHULRGRIPRQWKV%XWWKHSDWLHQWZLWKPRUHFKHVWVWXGLHVSHUIRUPHGLQ
&5PRGDOLW\PDGHVWXGLHVLQYROYLQJLRQL]LQJUDGLDWLRQRYHUDSHULRGRIDSSUR[LPDWHO\VHYHQPRQWKV,Q+&)B
WKHSDWLHQWZLWKPRUHFKHVW VWXGLHV LQ&5PRGDOLW\PDGHVWXGLHV LQYROYLQJ LRQL]LQJUDGLDWLRQRYHUDSHULRGRI
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'LVFXVVLRQ
7KHFKHVW UDGLRJUDSKLF VWXGLHV DQDO\VLV VWRUHG LQGLIIHUHQW3$&6DUFKLYHV KDV VKRZQ WKDW WKH FRQWULEXWLRQRI








WLPHSHULRG FRYHUHGRU WKHKHDOWK FDUHGHOLYHU\SURILOHRI HDFK+&) e.g. SRSXODWLRQ VHUYLQJRU H[LVWLQJPHGLFDO
VHUYLFHV )RU H[DPSOH LQ +&)BPRUH WKDQ  FKHVW UDGLRJUDSKLF VWXGLHV DUH SHUIRUPHG RQ SDWLHQWV DJHG
EHWZHHQDQG\HDUV'HVSLWHWKLVIDFWWKHUHPD\EHDVVRFLDWHGZLWKWKH+&)SURILOHe.gH[LVWHQFHRI3HGLDWULFV
VHUYLFHV D ODUJH QXPEHU RI FKHVW VWXGLHV LQ YHU\ \RXQJ SDWLHQWV GHVHUYHV D FORVHU ORRN E\ KHDOWK SURIHVVLRQDOV










QXPEHURILPDJLQJVWXGLHV LW LVHVVHQWLDO WRLGHQWLI\SURFHGXUHVWKDWSURWHFWWKHPRVWYXOQHUDEOHSDWLHQWVIURPWKH
ULVNV RI H[FHVVLYH UDGLDWLRQ H[SRVXUH 7KLV FDQ EH DFKLHYHG WKURXJK WKH PRQLWRULQJ RI WKH LQGLYLGXDO SDWLHQWV
UDGLDWLRQH[SRVXUHKLVWRU\
7DEOH  VKRZV WKDW LQ WKH FDVH RI+&)B WKH SDWLHQW LGHQWLILHGZLWK D JUHDWHU QXPEHU RI FKHVW UDGLRJUDSKLF
VWXGLHVPDGH  UDGLRJUDSKLF VWXGLHV RQ WKLV DQDWRPLFDO UHJLRQ RYHU D SHULRG RI WKUHH \HDUV DQG IRXUPRQWKV$W
+&)BVWXGLHVZHUHFDUULHGRXWRQDSDUWLFXODUSDWLHQWRYHU\HDUV
$W+&)BRQHSDWLHQWKHOGVWXGLHVLQFOXGLQJFKHVWUDGLRJUDSKLFVWXGLHVDQGFKHVW&7VWXGLHVRYHUDQG
D KDOI \HDUV 7KLV VFHQDULR FRXOG GHVHUYH VSHFLDO DWWHQWLRQ IURP KHDOWK FDUH SURIHVVLRQDOV SDUWLFXODUO\ LQ WKH
WKHUDSHXWLFHIILFLHQF\DQDO\VLVUHVRXUFHRSWLPL]DWLRQDQGSDWLHQWUDGLDWLRQSURWHFWLRQ
&RQFOXVLRQDQG)XWXUH:RUN
7KHDQDO\VLVRI WKHPHWDGDWD',&20LPDJLQJ VWXGLHVSHUIRUPHGE\DSRSXODWLRQPDNHV WKHLU FKDUDFWHUL]DWLRQ



































 7KUDOO -+ 5DGLDWLRQ ([SRVXUH 3ROLWLFV DQG 2SLQLRQ YV 6FLHQFH DQG 3UDJPDWLVP -RXUQDO RI WKH $PHULFDQ &ROOHJH RI 5DGLRORJ\

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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
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0RVE\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 6DQWRV 0 %DVWLmR / 1HYHV 1 )UDQFLVFR ' 6LOYD $ 5RFKD 13 ',&20 0HWDGDWD $FFHVV &RQVROLGDWLRQ DQG 8VDJH LQ 5DGLRORJ\
'HSDUWPHQW3HUIRUPDQFH$QDO\VLV$1RQSURSULHWDU\$SSURDFK3URFHGLD&RPSXWHU6FLHQFH
 6DQWRV0 )UDQFHVFR 6G 6LOYD /$% 6LOYD $ &RVWD & 5RFKD 1 HGLWRUV0XOWL YHQGRU ',&20PHWDGDWD DFFHVV D PXOWL VLWH KRVSLWDO
DSSURDFKXVLQJ'LFRRJOH,QIRUPDWLRQ6\VWHPVDQG7HFKQRORJLHV&,67,WK,EHULDQ&RQIHUHQFHRQ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